It's necessary to estimate national surface water quality to provide theoretical support for water resource planning and its safety. In this paper, models to estimate the national surface water quality were established with OLS and GM(1,1) methods. The results showed that the surface water quality in China would be improved, the proportion of I~III may reach 69.2% and the proportion of ITV will drop to 13.9% in 2015.
Introduction
China is a resource-rich country considering the gross amount of water resource, but its available water per person is just a quarter of the world average. It is among the thirteen countries experiencing the most severe water shortage in the world. And it was reported that China's average water-shortage amount is up to 50 billion cubic meters annually. In such cases, outright shortages of water are exacerbated by water pollution.
Water quality also determines the growth status and product quality directly. Once the water quality deteriorates and residents are in a poor water resource environment, it's easy for there to be an outbreak of diseases, and it will cause great economic losses to our society. So, it is very necessary to make an accurate estimation of our national water quality to provide theoretical support for protecting water safety and establishing water quality warning system. And it's an urgent task for policy makers to know exactly the future trend of national water quality and then take appropriate measures.
In China, water quality can be classified into five different classes by water body function, based on the surface water environment quality assessment standard, Standard GB3838-2002. With the single factor index evaluation method, the class of water quality was determined by comparing the detected concentration of water quality indicator, such as COD or ammonia nitrogen, with standard values to standard values.
If there exist an indicator, that didn't meet the criterions from class one to class five, its water quality would be defined as 'inferior to class five' (abbreviated as ITV).
Water quality in different classes correspond to different water body function. If water quality belongs to class one to class three (I~III), the water can be used safely to satisfy the requirement of production and life of various groups. On the other hand, if water quality was inferior to class five, the water body would loss almost all its using function.
Considering that about 80% of total water supply in China comes from surface water source, the proportion of surface water quality belongs to class one to class three (p13) and the proportion inferior to class five (pi5) is our uppermost concern.
In 2013, the nationwide water environment was slightly polluted, while it was much severe in several river basins. As the water quality evaluation results of all rivers, 208 thousand kilometers long in total, shows, only 4.8 percent of the river length meet the standard of class one, and the proportion of the following classes were 42.5%, 21.3%, 10.8%, 5.7% and 14.9% respectively. National water quality was best in the year 2013 since 2000, for p13 reached its peak, in the meanwhile, pi5 touched its bottom. For the last 13 years, p13 showed a slight fluctuation, having a volatility within 3.5% and rose continually after 2009, with a sustained decline of pi5, which means the improvement of water quality (see Figure 1 ). 
Methods
Most of the previous researches on water quality estimation were focused on estimating specific water quality indicator. Since the Streeter Phelps model was established in 1960s, many researchers extended this model into an estimating system by water quality simulation. [1] combined this model with differential equations. [2] estimated the pollutant loads using fuzzy sets. And one of the most important and widely used time series model was the autoregressive integrated moving average (ARIMA) model [3] . After that, a new series of mathematic theory and computing methods were introduced into the field of estimating. A. [4] used both the linear regression model and the RBF model to estimate the water quality of a river basin in Malaysia. Support vector machine model was also used to predict water quality index [5] .
In China, many researchers have applied various methods to water quality estimation: holt exponential smoothing [6] , multiple regression methods [7] , non-linear PLSR model [8] etc. Almost all the researches focused on estimation of specific water quality indicator, like COD density. Few articles consider proportion of each water quality class as predictor directly [9] . And researches on national water quality estimation were especially lacked. And other common characteristic of the researches of water quality estimation is that, their data source were confined to certain monitoring points. And this limitation made their research results less useful for national policy making. So in this paper, p13 and pi5 were used in China (data source: China water resources bulletin), to estimate national water quality directly to provide theoretical support to water safety protection and water quality warning system.
There are complicated and diversified influence factors of the national water quality. Based on the references mentioned above, several factors were chosen to estimate the two proportion indexes, including: amount of industrial wastewater emission, the average of annual precipitation, the quantity of surface water, national wastewater emission, domestic wastewater emission, industrial wastewater emission, ammonia nitrogen emission, chemical oxygen demand (COD) emission, investment on environmental protection, investment on industrial wastewater treatment, investment on urban drainage facility construction, urbanization ratio, etc. Using these indexes, OLS models were established to estimate p13 and pi5 respectively.
The data of p13, pi5 and explanatory variables mentioned above were obtained from the China Statistical Yearbook and China Water Resources Bulletin. For the relevant data of investment on pollution treatment were only collected since the year 2000. The data was not so sufficient. Given that the grey forecasting theory performed well in such conditions, GM(1,1), CGM(1,1), PGM(1,1) models [10] were also applied to estimate the two proportions.
Estimation of p13
By combining the influence factors mentioned above, two multiple linear regression models were finally chosen according to statistical test indicators and rational economic explanation. Y1=56.71-0.08*X1+0.81*10^(-2)*X2(-2)+0.03*X4-0.50*AR(1)-0.94*MA(1) (2) R 2 =0.96, D.W=1.85 where Y1 is p13 (unit: %), X1 is the amount of industrial wastewater emission (unit: one hundred million ton), X2 is the investment on construction of urban drainage facilities (unit: one hundred million RMB), X3 is the quantity of surface water (unit: one hundred million cubic meters), and X4 is the average of annual precipitation (unit: millimeter).
The R 2 of statistics models (1)-(2) was bigger than 0.96, indicates good fitting effects in general. In the meantime, every explanatory variable is significant under confidence level of 5%. The sign of each explanatory variables was reasonable.
Applied GM(1,1), CGM(1,1), PGM(1,1), models (1) and (2), p13 in 2012 and 2013 were estimated (See Table 1 ). The 2 linear regression models and the PGM(1,1) model showed much better results compared with the other 2 grey models, so these three models were applied. 
Estimation of pi5
Several regressions and ARMA models were established using the explanatory variables of pi5. Based on the statistical significance and economic interpretation rationality of the models, the following two were selected.
Y2=56.03-0.55*10^(-2)*X4-0.02*X5(-2)+0.05*X6+0.68*AR(1)
Y2=0.39-0.84*10^(-2)*X2(-2)+0.02*X7-0.64*AR(1)-0.97*MA(1) (4) R 2 =0.98, D.W=2.48 where Y2 is pi5 (unit: %), X2 is the investment on construction of urban drainage facilities (unit: one hundred million RMB), X4 is the average of annual precipitation (unit: millimeter), X5 is the investment on industrial wastewater treatment (unit: one hundred million RMB), X6 is amount of national wastewater emission (unit: one hundred million ton), and X7 is the sum of COD and ammonia nitrogen emission (unit: ten thousand ton). The signs of these variables are reasonable as investment on pollution treatment has positive influence on water quality while pollution discharge can cause deterioration of water quality.
Applied models (3) and (4), GM (1,1), CGM(1,1) and PGM(1,1) model, pi5 in 2012 and 2013 was estimated (See Table 2 ). The GM (1,1), CGM(1,1) and PGM(1,1) and model (3) showed higher estimation accuracy, so these four models were applied in the final estimation. 
Results and Discussion
Based on previous researches, models to estimate p13 and pi5 in China were established and the national surface water quality in 2015 were predicted. The surface water quality in China would be improved and the proportion of I~III may reach 69.2% while the proportion of ITV will drop to 13.9% in 2015.
There are several reasons for the improvement of national surface water quality: Firstly, the amount of industrial wastewater emission in China has entered into a stable state and it will show a drop tendency in the next few years as our government's policy on industry pollutant discharging are becoming more strictly. Secondly, the capacity of sewage treatment in China improved substantially. Moreover, the investment for environmental pollution treatment in the whole country will be increased significantly because of the Water Pollution Control Action plan. All these three aspects together will contribute to the improvement of national surface water quality in China.
